The cell-wall-bound proteinase from Lactobacillus paracmei subsp. paracasei NCDO 151 was purified to homogeneity by anion-exchange and hydrophobic-interaction chromatography, chromatofocusing and gelfiltration. The purification resulted in a 40&700-fold increase in specific activity of the proteinase and the final yield was approximately 20 %. Upon chromatofocusing, two proteolytically active components, termed pro135 and proll0, were detected. pro135 had an isoelectric point of 4.2. It had an M, of about 300000 as determined by gelfiltration and 135000 as judged by SDS-PAGE, indicating that it may exist as a dimer in its native state. pro110 had an isoelectric point of 4.4, and an M, of about 150000 as determined by gel-filtration and 110OOO as judged by SDS-PAGE. pro110 appears to be a degradation product of pro135 as they have the same N-terminal amino acid sequence. The first N-terminal amino acid was ambiguous for both components, whereas the sequence from the second to the ninth amino acid was Ala-Lys-Ala-Asn-Ser-Met-Ala-Asn. This is identical to the corresponding sequence of the lactococcal cell-wall-bound proteinases. Although the Lactobacillus proteinase was a little smaller than the lactococcal proteinase, their purification characteristics were very similar, suggesting that these proteinases are related.
Introduction
Lactic acid bacteria are widely used in the food industry for production of fermented products, especially fermented milk products (Fox, 1989; Law & Kolstad, 1983; Thomas & Mills, 1981) . Due to the low content of free amino acids in milk (Thomas & Mills, 198l) , the growth of lactic acid bacteria during milk fermentation depends on the degradation of casein -the major milk proteinby cell-wall-bound proteinases produced by the bacteria. These proteinases also play an important role in the development of the texture and flavour of food products (Fox, 1989; Law & Kolstad, 1983; Thomas & Mills, 198 1) . As a consequence, the cell-wall-bound proteinases have been the subject of much research. The proteolytic system in lactococci is well characterized. Lactococcal cell-wall-bound proteinases, which may also be present in a free form, have been purified and their N-terminal amino acid sequences determined (Bockelmann et al., 1989; Exterkate & De Veer, 1987; Geis et al., 1985; Hugenholtz et al., 1987; Nissen-Meyer & Sletten, 1991 ; Vos et al., 1989) . Moreover, plasmid-located genes * Author for correspondence. Tel. 9 970100; fax 9 970333.
0001-7020 0 1992 SGM encoding these proteinases have been cloned and sequenced (De Vos et al., 1989; Kiwaki et a/., 1989; Kok et al., 1985 Kok et al., , 1988 Vos et al., 1989) .
In contrast, to the lactococcal proteinases, information about the proteolytic system in lactobacilli is limited. There is little, if any, knowledge about the genetics of the Lactobacillus proteinase system. Cell-wall-bound proteinases have not previously been purified to homogeneity, although partial purification has been reported (Argyle et al., 1976; Ezzat et al., 1987 Ezzat et al., , 1988 Zevaco & Gripon, 1988) . In a previous paper (Nzs et al., 1991) we presented the physiochemical characteristics of the partly purified cell-wall-bound proteinase from Lactobacillus casei NCDO 151. In the present study we report the purification of this enzyme to homogeneity and the determination of the N-terminal amino acid sequence.
Methods
Bacterial strain and culture conditions. L. paracasei subsp. paracasei NCDO 151 (earlier termed L. casei NCDO 151), obtained from the collection of the INRA Centre, Jouy-en-Josas, France, was grown overnight in 2-51 of MRS broth (Difco) at 30°C. The medium contained 20 mM-CaC1, and 50 mM-fl-glycerophosphate to avoid release of the cell-wall-bound proteinase during cultivation. H . N m and J . Nissen-Meyer t Total number of EU present.
$ The enzyme activity (in EU) divided by the optical density at 280 nm. $ The increase in specific activity.
Determination of proteolytic activity. Determination of proteolytic activity with 3H-acetylated casein as substrate was done essentially as described by Hatcher et al. (1977) . The assay was carried out in 200 p1 reaction mixtures containing 200 mM-sodiUm phosphate, pH 5.3, radioactive casein (4 x 104 cpm; sp. act. 50 c.p.m. ng-l) and various amounts of proteinase-containing fractions. The reaction mixture was incubated at 37 "C for 30 min. One-hundred microlitres of a 2.5% (w/v) solution of unlabelled casein in 20 mM-sodium phosphate, pH 7.1, and 1 M-KCl were then added, followed by 200 ~1 7 . 5 % (wlv) trichloroacetic acid (TCA). The reaction mixture was then centrifuged at 14000g for lOmin, and the amount of radioactive TCA-soluble products was determined in a liquid scintillation counter. One enzyme unit (EU) was defined as the amount of enzyme that degrades 1% of the labelled casein into TCA-soluble products in 30min under standard assay conditions. Extraction ofproteinase and binding to Phenyl Sepharose. Cells were harvested from a 2.5 1 culture by centrifugation at 1OOOOg for 3 min. The cell pellet was washed twice with 50 mM-/3-glycerophosphate, pH 7-0, containing 20 mM-CaCl,. The cell-wall-bound proteinase was extracted by resuspending the cells three successive times in 20 mMBistris, adjusted to pH 6-0 with HCl, containing 10 mM-EDTA (20 ml extraction buffer per litre of culture). CaC12 was included in the former buffer in order to minimize release of the cell-wall-bound proteinase when washing the cells, whereas the presence of EDTA in the latter buffer was to optimize its release (Laan & Konings, 1989) . Each extraction was carried out for 1 h at room temperature. The supernatants from the extractions were pooled and passed through 0.45 pm filters (Millipore). This preparation was designated crude proteinase extract. Ammonium sulphate was added to this extract to a final concentration of 1 M. The extract was applied to a 20 ml Phenyl Sepharose CL-4B (Pharmacia) column equilibrated with 20 mMBistris, pH 6.0, and 1 M -( N H~)~S~~. The pmteinase was released with 40 ml 20 mM-Bistris, pH 6.0.
Anion-exchange and hydrophobic-interaction chromatography. After release from the Phenyl Sepharose, the proteinase fraction was desalted by passing it through Sephadex G-25 PD-10 columns (Pharmacia) equilibrated with 20 mM-Bistris, pH 6.0. The proteinase was then applied to an anion-exchange column (Mono Q HR 5/5, Pharmacia) equilibrated with the Bistris buffer. Ammonium sulphate to a final concentration of 1 M was added to the proteinase-containing flowthrough fraction from the anion-exchange column, and the sample was applied to a Phenyl Superose HR 515 column (Pharmacia) equilibrated with 20 mM-Bistris, pH 6-0, and 1 M-(NH~)~SO,. The proteinase was eluted from the column with a 14-0.2 M -( N H~)~S O~ gradient. Proteolytically active fractions were desalted by passing through Sephadex G-25 PD-10 columns equilibrated with 20 mM-Bistris, pH 6.0, and again applied to the Mono Q column equilibrated with the Bistris buffer. The proteinase was eluted at a flow rate of 1 ml min-' with a linear 0-0.5 M-NaCI gradient.
Chromatofocusing. The proteinase obtained after anion-exchange chromatography was transferred to 25 mM-methylpiperazine, pH 6.0, by gel-filtration using Sephadex G-25 PD-10 columns equilibrated with the methylpiperazine buffer, and then applied to a chromatofocusing column (Mono P HR 5/20, Pharmacia) also equilibrated with the methylpiperazine buffer. The proteinase was eluted with Polybuffer 74, pH 3.5, at a flow rate of 1 ml min-l.
Gel-jiltration. The proteinase obtained after chromatofocusing was applied to a Superose 12 (Pharmacia) column and eluted with 20 mMsodium phosphate, pH 6.9, and 0.1 M-NaCI, at a flow rate of 1 ml min-'. The column was calibrated with blue dextran, ferritin (M, M O O O ) , catalase (232000), aldolase (158000), ovalbumin (43000) and chymotrypsinogen (25000).
SDS-PAGE.
The proteinase fractions obtained after gel-filtration were concentrated using Centricon 30 Microconcentrators (cut-off 30 kDa; Amicon), and analysed by SDS-PAGE using the PhastSystem (Pharmacia). Electrophoresis was carried out at a constant current of 10 mA on 8-25% gradient polyacrylamide gels (Pharmacia), using SDS buffer strips (Pharmacia). The proteins were visualized by silver staining using the PhastGel Silver Kit (Pharmacia). For determination of M,, the following reference proteins (Pharmacia) were used : myosin (M, 2120OO), a-macroglobulin (170000), galactosidase (1 16000), transferrin (76000) and glutamic dehydrogenase (53 000).
Amino acid sequencing. Concentrated proteinase-containing fractions obtained after gel-filtration were subjected to amino acid sequence analysis at The National Protein Sequencing Laboratory, University of Oslo, as described previously (Sletten et al., 1989) .
The overall purification scheme and the specific activity, degree of purification and yield obtained at each purification step are shown in Table 1 . Binding the proteinase in the crude extract to Phenyl Sepharose resulted in a nearly 20-fold increase in the specific activity of the enzyme and a recovery of about 150%. When the proteinase was subsequently applied to a Pur$cation, of lactobacillus proteinase 3 I5 Mono Q anion exchanger at pH 6.0, the enzyme did not bind. However, contaminating proteins were bound, resulting in an approximately 4-fold further increase in specific activity .
Upon subsequent purification by hydrophobic-interaction chromatography using a Phenyl Superose column, the activity peak eluted between 0.70 and 0.55 M-(NH,),SO, (Fig. l) , and a further 2-fold increase in specific activity was obtained. When, after hydrophobicinteraction chromatography, the proteinase was again applied to the Mono Q anion exchange column at pH 6.0, it bound to the column and was eluted between 160 and 240 mM-NaC1 (Fig. 2) . This resulted in a 4-fold increase in specific activity compared to the previous purification step.
After anion-exchange chromatography, the proteinase was purified by chromatofocusing. Two proteolytic activity peaks eluted with apparent isoelectric points of 4-4 and 4.2 (Fig. 3) . Three major optical density peaks were detected. The two optical density peaks coinciding with the proteinase activity peak which eluted with an isoelectric point of 4.2 (Fig. 3) appear to represent the same proteinase component, as judged by gel-filtration and SDS-PAGE (data not shown). There was only a slight increase in specific activity during chromatofocusing, which may indicate that the proteinase preparation is homogeneous at this stage. In order to confirm this and to determine the M , of the two proteinase components in their native state, gel-filtration was performed. The 4.2 isoelectric point proteinase component eluted with an M , of about 300000 (Fig. 4a) , whereas the 4-4 isoelectric point component eluted with an M , of approximately 150000 (Fig. 4b) . The proteinase activity peaks coincided with the optical density peaks during gel-filtration (Fig. 4) , consistent with the conjecture that the proteinase was pure. This was confirmed with N-terminal amino acid analysis and SDS-PAGE (see data below). After the gel-filtration step, the yield was 20% and there had been a 614-fold increase in specific activity compared to that in the crude extract. A specific activity between 80000 and 95000 was obtained after each of the indicates the total number of EU in each fraction. The fraction size was 1.0 ml, except under the activity peak where it was 0.5 ml.
last three purification steps ( Table l) , suggesting that the specific activity of the purified enzyme is in this range. As determined by SDS-PAGE, the proteinase component which eluted with apparent M , values of 300000 and 150000 upon gel-filtration had M , values of about 135000 and 110000, respectively (Fig. 5, lanes 3 and 5) , and thus the polypeptides were termed pro135 and proll0. Two minor proteins with M , values of 105000 and 90000 were also present (Fig. 5, lane 5) . For comparison to the lactococcal cell-wall-bound proteolytic system, the M , 150000 proteinase and its M, 115000 and 90 000 degradation products isolated from Lactococcus lactis subsp. cremoris NCDO 1201 (Nissen-Meyer & Sletten, 1991) were also analysed by SDS-PAGE (Fig. 5,  lanes 2,4 and 6) . prol 35 and prol 10 were slightly smaller than the corresponding lactococcal M , 150000 and 1 15 000 components, respectively (Fig. 5 , lanes 2,3,4 and 5). The minor M , 90000 protein in the pro110 preparation (Fig. 5, lane 5) had an M , identical to that of the lactococcal M , 90000 degradation product. Fig. 5 . SDS-PAGE of purified proteinase components followed by silver staining. The Lactobacillus paracasei subsp. paracasei proteinase components, eluting with M , values of 300000 (pro135) and 150000 (pro110) upon gel-filtration, were analysed in lanes 3 and 5, respectively. The Lactococcus lactis subsp. cremoris NCDO 1201 M, 150000 proteinase and its M, 115000 and 90000 degradation products were analysed in lanes 2, 4 and 6, respectively. The M , standards are shown in lane 1. All lanes are from the same gel. Due to different amounts of protein applied, lanes were developed for different times to avoid overexposure. N-Terminal amino acid analysis revealed that prol 35 and pro110 had identical N-terminal amino acid sequences. The first amino acid was ambiguous for both components, presumably due to free amino acids binding to these high-M, components. The sequence from the second to the ninth amino acid was Ala-Lys-Ala-AsnSer-Met-Ala-Asn.
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Discussion
The purification scheme outlined in Table 1 was used successfully to purify to homogeneity the cell-wall-bound proteinase from L. paracasei subsp. paracasei, which enabled determination of the N-terminal amino acid sequence. The increase in the yield of proteinase activity after the first purification step may have been due to removal of inhibitory proteins from the crude proteinase extract. The proteinase failed initially to bind to the Mono Q anion-exchange column. However, after purification by hydrophobic-interaction chromatography, the proteinase bound to the Mono Q column. This suggests Purification of lactobacillus proteinase 3 17 that components that interfere with the binding of the proteinase to anion-exchangers are removed during the hydrophobic-interaction chromatography step. By initially passing the proteinase through the Mono Q column, contaminating proteins that bind to the anionexchanger are removed. Some of these proteins might otherwise have eluted together with the proteinase during the second anion-exchange chromatography step.
In an earlier study, an M, 36000 protein present in a partly purified proteinase preparation was shown to have affinity to the serine proteinase inhibitor diisopropyl fluorophosphate (DFP) (Naes et al., 1991). On this basis it was suggested that the M , 36000 protein was a subunit of the proteinase. Judging from the M , of the purified proteinase, it now seems reasonable to conclude that the M , 36000 protein is either a proteolytically inactive degradation product of the proteinase, or merely a contaminating protein which has high affinity to the proteinase inhibitor. Two components, pro135 and prol 10, were detected upon c hromatofocusing of the Lactobacillus proteinase. prol 35 had an M , of about 300000 as determined by gelfiltration and 135000 as judged by SDS-PAGE, indicating that it exists as a dimer in its native state. prol 10 had M , of about 150000 as determined by gel-filtration and 1 10000 as judged by SDS-PAGE, suggesting that it exists as a monomer. pro110 is a degradation product of pro135, as they had the same N-terminal amino acid sequence. It consequently appears that the C-terminal part of pro135 is necessary for its dimerization. Analogous results have been reported for the lactococcal NCDO 1201 proteinase (Nissen-Meyer & Sletten, 1991) . However, the lactococcal proteinase and its major proteolytically active degradation product had M , values of 150000 (300000 in its native state) and 115000, respectively, and were thus somewhat larger than the corresponding Lactobacillus components. Moreover, their apparant isoelectric points were slightly different. The isoelectric points as determined by chromatofocusing were 4.3 and 4.1, respectively, for the M , 150000 and 1 15 000 lactococcal proteinase components (NissenMeyer & Sletten, 1991). The two minor proteins in the prol 10 preparation (Fig. 5, lane 5) , migrating with M , values of 105 000 and 90000, are presumably degradation products, as the latter protein migrated with an M, identical to the M , 90000 major proteolytically inactive degradation product of the lactococcal proteinase (Fig. 5,  lanes 5 and 6) .
The N-terminal amino acid sequence of the Lactobacillus proteinase was identical to that reported for lactococcal proteinases (Kiwaki et al., 1989; Kok et al., 1988; Nissen-Meyer & Sletten, 1991; Vos et al., 1989) , and their purification characteristics appear to be similar. The Lactobacillus proteinase eluted at similar salt concentrations upon anion-exchange and hydrophobic-interaction chromatography as reported for the proteinase from Lactococcus lactis subsp. crernoris NCDO 1201 (Nissen-Meyer & Sletten, 1991). As a whole, the Lactobacillus and the lactococcal proteinases thus appear to be related. Determination of the Nterminal amino acid sequence of the L. paracasei subsp. paracasei proteinase has made it possible to identify the gene encoding this proteinase. The cloning and sequencing of this gene has confirmed the relatedness of the Lactobacillus and lactococcal proteinases (A. L. Holck and H. Naes, unpublished data). This is in agreement with a recent paper which showed that the restriction enzyme maps of the Lactobacillus and lactococcal proteinase genes are very similar (Kojic et al., 1991) . Taken together the results suggest that there may be a common gene among lactococci and lactobacilli encoding the cell-wall-bound proteinase.
